a b s t r a c t Objective: To measure the possible magnitude of the role nurse staffing has on increasing life expectancy at birth and at 65 years old. Methods: The statistical technique of panel data analysis was applied to investigate the relationship from the number of practicing nurses' density per 1000 population to life expectancy at birth and at 65 years old. Five control variables were used as the proxies for the levels of medical staffing, health care financial and physical resources, and medical technology. The observations of 35 member countries of Organization for Economic Co-operation and Development (OECD) were collected from OECD Health Statistics over 2000e2016 period.
Introduction
Life expectancy is known as a core indicator of health level and has increased globally for both genders over time resulting from improvement in quality and quantity of health care services. In member countries of Organization for Economic Co-operation and Development (OECD), there has been significant rises in life expectancy at birth and at age 65 by 10 and 5.4 years on average since 1970, respectively e see OECD [1] . Several factors including rising income and health care expenditures (HCE), better education, healthier lifestyles and the progress in health care and its accessibility can be attributed to the gain in longevity over time [1] .
The association between national income with direct effect on health care spending and higher life expectancy has been highlighted in previous studies, although there exist some exceptional differences in life expectancy at birth between countries with the same level of financial resources in the health sector, e.g. Japan and Spain vs. Luxembourg and United States [2] . Life expectancy especially at older ages varies by educational status i.e. highly educated people for both men and women mostly live longer and healthier e.g. in Central and Eastern European countries [3] . There are some notable exceptions about the possible effects of education on life expectancy in the elderly population which has been observed in Nordic countries and Portugal [4] . Some of the notable differences between life expectancy indicators can be explained by healthrelated behaviors such as obesity rates, consumption of prescription and illegal drugs etc. e see National Research Council and Institute of Medicine [5] . Generally, the most important factor on increasing life expectancy over the past few decades in OECD countries is the progress in health care among different health care systems, i.e. advanced medical care combined with greater access to health care services as well as healthier lifestyles [1] . Indeed, the role of health care services on healthy life years would be greater at older ages because the health level of elderly people is more sensitive to the quality of health care [6] . Hence, in response to proper care delivery and to enhance the quality of care in health facilities in OECD countries, it is important for governments, policy makers together with researchers to seek for more efficient services aimed at enhancing the health level of developed countries as the main goal of OECD health policy reformation [7] .
Nurses with the largest health care professional grouping play a significant role in enhancing health outcomes and providing affordable care to the fast-growing health care demands [8] . The overall impacts of nursing-related services on patient outcomes and the quality of hospital care have been confirmed by numerous multinational hospital-based studies; such as Aiken [20] , Ausserhofer et al. [21] , Cho et al. [22, 23] , Manojlovich [24] , Amiri and Solankallio-Vahteri [25] and Amiri et al. [26] .
In the following study, we plan to go further and investigate the possible role of nursing competencies in overall health level of developed countries by analyzing the association between the level of nurse staffing and life expectancy. Using the statistical approach of panel data analysis, we are able to estimate the effect of nursing staff on increasing life expectancy at birth and at 65 years in longrun. The cross-national statistics of 35 OECD countries were collected from OECD iLibrary during the period of 2000e2016. In order to investigate the exact magnitude of the relationship from the level of nurse staffing to life expectancy at birth and at older ages, five control variables were used as the proxies for the levels of; medical staffing, health care financial and physical resources, along with medical technology.
Data description
In this study, the observation of practicing professional nurses, who deliver clinical and hospital care services directly to patients, density per 1000 population was applied as an index for nursestaffing level [27] . The data of general care nurses, specialist nurses, clinical nurses, district nurses, nurse anesthetists, nurse educators, nurse practitioners and public health nurses were collected in 35 OECD countries for the period of 2000e2016 available at OECD [28] .
Life expectancy at birth is clarified as the average number of years which is expected for a newborn to live and life expectancy at 65 years old is defined as how long (in average) can be expected to live for a person at 65 years of age, if current age-specific death rates remain constant. The observations of life expectancy at birth as well as at 65 years of age e as the proxy for health level and health care outcomes e were collected from OECD [29, 30] among 35 OECD countries from 2000 to 2016.
In order to investigate the role of nursing characteristics in increasing life expectancy at birth and at 65 years old five control variables were added in panel models including: the number of practicing doctors per 1000 population [31] as a proxy for medical staffing, total expenditures on health care per capita (i.e. aggregate of public and private HCE) based on current US dollars [32] as a proxy for financial resources in health care services, the number of hospital beds per 1000 population 1 [33] as a proxy for the health care resources available for delivering services, total number of inhospital and in-ambulatory care providers Computed Tomography (CT) scanners [34] as well as Magnetic Resonance Imaging (MRI) units [35] per 1000,000 population as proxies for medical technology. The logarithm amounts of all series were used in panel data analysis to find the elasticity of the role nurse staffing had on life expectancy in long-run. Moreover, few missed observations were predicted by Artificial Neural Networks (ANNs) model.
To follow the first step of data analysis which is visualization of the data, column chart of nurse-staffing level and life expectancy at birth and at 65 years of 35 OECD countries in year 2016 along with changes from 2000 to 2016 are available in Figs. 1e3. As can be seen, nurse staffing and life expectancy levels differed from various health care systems in OECD countries. Fig. 4 depicts the level of practicing nurses together with life expectancy at birth and at 65 years of age (all in real amounts) within orthogonal linear regression curve and confidence ellipse 95%. Despite that there exists a clear positive relationship from the level of nurse staffing to life expectancy indicators, this conclusion may be spurious on account of the possibility of stochastic trends in panels of these series. Hence, to have statistical arguments about the plausible effect of nurse-staffing level on increasing life expectancy rates the information of unit root test and co-integration analysis in the framework of panel data analysis should be estimated to evaluate the plausible generic relationship between these series.
Panel data analysis
Based on the nature of our data, i.e. cross-sectional observations varied during time period, there is a possibility to investigate the possible effect of nurse-staffing level on increasing life expectancy in long-run using the statistical technique of panel data analysis. The information of statistical behavior of variables during the time period resulting from unit root tests, the possibility of long-run relationships between non-stationary series investigated by cointegration analysis, along with the magnitude of such meaningful relationships in the form of dynamic long-run analysis are provided here.
Unit root test
The first step in panel data analysis is to identify whether series are stationary, i.e. their mean and variance are unchanged during time, or non-stationary and possesses a unit root and their mean and variance differ in long-run. Unit root test is the statistical approach for recognizing the stationarity of time-series with the null hypothesis of the presence of stationarity based on intercept and trend stationarity resulting from different test models. The information of stationarity is essential in statistical analysis because time series are sensitive to trend presentation; the results of common regression analyses are biased and unreliable.
Statistics and probabilities of several panel unit root tests are available in Table 1 and based on significant statistics of level and 1st difference of integration tests, we argue that all variables were non-stationary and integrated in order one I(1), except HCE and MRI units which were stationary and integrated in order zero I(0). Thus, co-integration analysis and dynamic long-run models are the efficient statistical approaches to investigate the existence of significant relationship from the nurse staffing to life expectancy in long-run.
Co-integration analysis
Here, we estimate the possibility of significant relationships between the level of practicing nurses and life expectancy indicators in long-run using co-integration analysis. The results of Pedroni panel co-integration test based on Engle-Granger model are presented in Table 2 and verify that nurse-staffing level and life expectancy variables were significantly co-integrated according to the result of both bivariate and multivariate 2 models in long-run.
Dynamic long-run analysis
As the results of Pedroni panel co-integration test confirmed the existence of co-integration relationships between practicing nurses' ratio and life expectancy indicators, the magnitude of these relationships can be measured by dynamic long-run analysis. To find more reliable coefficients of such relationships, the level of medical-staffing, HCE per capita, hospital beds, CT scanners and MRI units were added in panel model as the control variables. Results of dynamic long-run panel models are available in Table 3 and verify that long-run elasticities of impact of nurse-staffing level on increasing life expectancy at birth and at 65 years were 0.02 and 0.08, respectively, i.e. 1% increase in the number of practicing nurses per 1000 population would raise life expectancy at birth and at 65 years by 0.02 and 0.08 percentages, respectively. Thus, the results of dynamic long-run analysis argue that the dependency of life expectancy to nursing staff would increase by aging process. Moreover, the elasticities of effect of nurse staffing on life expectancy at birth and at 65 years were higher than other control variables.
Dynamic long-run model analysis based on pooled framework may be used to simulate the coefficients of the effect of nursestaffing level on increasing life expectancy in cross-sectional units. The result of dynamic long-run model based on the pooled fixed effect method is available in Table 4 and Fig. 5 .
As can be seen, the highest magnitude of practicing nurses on life expectancy at birth in long-run was calculated in Sweden with 0.18, followed by Lithuania with 0.14, Japan with 0.11 and Estonia with 0.07. At the other end of the range, the lowest magnitudes of this relationship were investigated in Australia, Portugal, Finland and Norway. There was not any meaningful relationship from the level of nurse staffing to life expectancy at birth in Belgium, Greece, In all, nursing characteristics had the highest effect on increasing the overall life expectancy indicators in Japan with 0.25, followed by Iceland with 0.24, Belgium with 0.21, Czech Republic with 0.21, Slovenia with 0.20 and Sweden with 0.18. On the other hand, the lowest effect of practicing nurses on life expectancy in long-run were investigated in Norway with 0.02, United States, Mexico and Ireland with 0.01. Also, there was not any evidence for concluding the existence of long-run relationship between these series in Greece and Netherlands.
Discussion
There has been much interest in estimating the role of nurse staffing in increasing life expectancy which is known as a core indicator of health level. To our knowledge, the effect of nurse staffing on increasing health outcomes [8e16, 22, 24] , patient safety [7, 11, 19, 21, 23, 26] and quality of care [11, 17, 18, 20, 23, 25] have been well confirmed in previous studies [27, 36] . However, there is a need of research to investigate the effect of nursing-related services on overall health level of different health care systems in national and global levels [25e27].
In this study, we expanded the traditional research in nursing to investigate the effect of nurse staffing on increasing life expectancy at birth and at 65 years old using the statistical technique of panel According to the result of unit root test, all variables except HCE and MRI units were non-stationary, and this finding opened the way to panel dynamic long-run analyses. Results of co-integration analysis as well as panel dynamic long-run models proved that there were significant relationships from the level of nurse staffing to life expectancy at birth and at 65 years of age in long-run and the Notes: Null hypothesis was no co-integration and trend assumption was deterministic intercept and trend group-statistics based on common AR coefficient in withindimension as well as individual AR coefficients in between-dimension. The optimum lag length was selected by SIC and Newey-West automatic criterion was applied to investigate bandwidth with Bartlett window. Notes: "(-1)" used after variables to express one year lagged variable. Cross-section weights were applied to investigate the coefficients. elasticity of these relationships in OECD countries were 0.02 and 0.08, respectively. Hence, the findings of dynamic long-run analysis argued that the dependency of life expectancy to nurse-staffing level would increase by age. Interestingly, the elasticities of the effect of nurse staffing on life expectancy at birth and at 65 years old were higher than other control variables.
Overall, the role of nurse staffing in increasing the average of life expectancy indicators in long-run were determined at the highest level in Japan (0.25), followed by Iceland (0.24), Belgium (0.21), Czech Republic (0.21), Slovenia (0.20) and Sweden (0.18). By contrast, the lowest effect of practicing nurses on life expectancy in long-run were investigated in Norway (0.02), United States, Mexico and Ireland (0.01). For the rest of OECD countries, the magnitudes of this relationship had the range from 0.16 to 0.19 and there was not any evidence for concluding the existence of long-run relationship between these series in Greece and Netherlands. Thus, the role of nurse staffing in increasing life expectancy varies between different health care systems of developed countries which is a logical result considering the effect of other determinant factors on life expectancy indicators, such as national income and aggregate HCE [37e41], better education, healthier lifestyles [2] and the progress in health care [1, 3] and its accessibility [36] . According to the available health data at a cross-national level, the limitation of this study is the lack of other nursing competency indicators like working environment [42] , job satisfaction [43] and use of technology [44] in our analysis.
In all, the results of this study confirm the association between higher proportion of nurse staffing and higher life expectancy at birth and at older ages in OECD countries. Hence, our findings alert health policy makers along with governments to ponder the deleterious effects of nursing shortage on increasing the risk of actual age-specific mortality at a national level. As the lack of available data is the largest obstacle in nursing science, the recommendation is to co-operate with global organizations such as OECD, World Health Organization (WHO), World Bank and other relevant organizations as well as researchers to support, collect and analyze cross-national data to be used in further research seeking to measuring the interaction between nursing competencies and health outcomes. Notes:
The following autoregressive models used to estimate long-run elasticity of nurse-staffing level on life expectancy at birth and at 65 years, respectively (based on SIC). "(-1)" used after variables to express one year lagged variable and a i is the expression of coefficients.
Life expectancy at birth ¼ Constant þ a 1 Trend þ a 2 Nurse-staffing level þ a 3 Nurse-staffing level (-1) þ a 4 Life expectancy at birth (-1) þ Error term Life expectancy at 65 ¼ Constant þ a 1 Trend þ a 22 Nurse-staffing level (-1) þ a 3 Life expectancy at 65 (-1) þ Error term
Conclusion
There exists a positive association between the level of nurse staffing and life expectancy at birth and at 65 years old in OECD countries in the long-run.
